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Our Pursuit 

2	  

Understand	  the	  nature	  of	  
fundamental	  par2cles	  and	  their	  
interac2ons,	  and	  of	  space	  and	  2me	  

Gi7	  from	  Einstein:	  energy	  we	  impart	  to	  
colliding	  objects	  can	  be	  used	  to	  create	  new	  
forms	  of	  ma?er	  



Large Hadron Collider and Experiments 
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ATLAS 
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France 

Switzerland 



The LHC Delivers, ATLAS Collects 
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Reconstructed Objects 
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•  Detector	  data	  	  	  	  	  	  inferred	  physics	  objects	  
•  Try	  to	  fit	  puzzle	  pieces	  together	  to	  find	  plausible	  hypotheses	  about	  the	  physics	  

behind	  the	  collision	  data	  we	  collect	  

Standard	  Model	  	  	  	  	  	  	  Standard	  Candle:	  use	  expected	  signals	  to	  validate	  the	  object	  
reconstruc2on	  and	  refine	  analysis	  techniques	  

!

Jets:	  
•  Reconstructed	  from	  3D	  

topological	  clusters	  	  
•  an2-‐kT	  algorithm	  w/	  size	  

parameter	  D=0.4	  

Electrons:	  
•  Inner	  detector	  track	  

matched	  to	  EM	  calor	  cluster	  	  
•  Isola2on	  to	  suppress	  fakes	  

Muons:	  
•  Combined	  MS	  and	  ID	  track	  	  
•  Isola2on	  to	  suppress	  fakes	  

Taus:	  
•  Double-‐cone	  algorithm	  
•  Seeded	  from	  EM	  and	  HAD	  

calo	  clusters	  

Missing	  Transverse	  Energy	  (Etmiss):	  
•  Vector	  sum	  of	  calor	  energy	  
•  Corrected	  for	  iden2fied	  objects	  

b-‐Jets:	  
•  Displaced	  tracks	  or	  

secondary	  lepton	  
•  SV0:	  reconstructed	  

secondary	  vertex	  
•  JetProb:	  track/jet	  

compa2bility	  with	  PV	  

b �

τ �

j�
j�

ETmiss �

!
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Weak 
Bosons	  



Weak Boson (W and Z) Events 
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Weak Boson Signals 
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central-‐central	  

central-‐forward	  

Z! e+e" W ! µ! Z! ! +! "

e + µ

e +! h

µ +! h



W and Z Inclusive Cross Sections 
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•  NNLO	  calcula2ons	  within	  FEWZ	  
are	  consistent	  with	  the	  data	  

•  Remarkable	  success	  of	  pQCD	  
and	  PDF	  determina2on	  



W Charge Asymmetry 
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W Charge Asymmetry 
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Diboson	  



“Best Hits from the Tevatron RunII” 
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Track	  1:	  Diboson	  
physics	  

WW 

Run II 

1st Observation in 
Hadron Collisions 

1st Observation 



Wγ and Zγ cross sections 
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Signature:	  
•  W/Z	  selec2on	  
•  Isolated	  photon	  w/	  

ET
! >15 GeV

ET
iso < 5 GeV

!R(!,! ) > 0.7
Dominant	  background:	  
•  W/Z	  +	  jets	  



Wγ and Zγ cross sections 

15	  First	  Wγ	  and	  Zγ	  	  cross	  sec2on	  measurements	  at	  7	  TeV	  

Cross	  sec2on	  reported	  for:	  	  
ET

! >10 GeV
fiso
! < 0.5

!R(!,! ) > 0.5

Systema2cs	  dominated	  by	  uncertain2es	  
on	  the	  photon	  reconstruc2on	  and	  
iden2fica2on	  efficiency,	  photon	  
isola2on	  cut	  efficiency	  



WW Cross Section 

16	  

Signature:	  
•  Fully-‐leptonic	  W	  decay	  
•  2	  Opposite-‐sign	  leptons	  (e,	  μ)	  
•  Large	  Missing	  Energy	  

Dominant	  backgrounds:	  

TGC	  



WW Cross Section 
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Signal	  significance:	  3.0	  σ	  

ee+μμ	   eμ	  
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Top 
Quark	  

tt Candidate (e,μ + 2 b-jets) �



σtt Single lepton (no b-tagging) 
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σtt Single lepton with b-tags 
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σtt Dilepton 
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σtt Dilepton 
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σtt Combination 
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Top Quark Mass (Template Method) 
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  Top Quark Mass from σtt 
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New 
Since 

Moriond! 

Compare	  measured	  σtt (lepton	  +	  jets)	  with	  fully-‐inclusive	  pQCD	  calcula2on	  at	  high	  order	  
•  Top	  quark	  mass	  parameter	  un-‐ambiguously	  defined	  as	  pole	  mass	  (mtop

pole)	  

Complementary	  to	  direct	  top	  mass	  measurements	  that	  rely	  on	  modeling	  the	  details	  of	  
the	  kinema2c	  mass	  resonstruc2on	  



W Helicity in Top Quark decays 
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Single Top 
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Single Top: t-channel 
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Signature:	   !+  channel !!  channel



Single Top: Wt 
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Two	  W	  Bosons	  in	  Final	  State	  



Our “Step” Plot 
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Higgs	  



Higgs Production at LHC 
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Higgs Production, Decay, Statistical Inference 
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  Signal rates and theoretical uncertainties (mf, mr, PDF and as) based on 
    „Handbook of LHC Higgs Cross Sections: 1. Inclusive Observables.“ arXiv:1101.0593 [hep-ph] 

   Power-Constrained Limits (PCLs): 
     - Profile Likelihood method: frequentist technique to set limits on µ=σ/σ(SM) with 

       nuisance parameters for systematic uncertainties 
     - Power Constraint CLS+B (impose CLB >16%)  i.e. if  observed cross section limit 
       smaller than median expected – 1σ, then quote median expected – 1σ	

     - for comparison, CLS used at LEP and TEVATRON also shown 



  

34	  

H ! !!

tight  γ ID  

isolated       non isolated 

  check of backgrounds from sidebands 

  2 isolated photons with pT > 40 / 25 GeV 

comparison of MC prediction and 
estimation from data 

loose γ ID  

Iterative A=B*C/D  method 

A 

B D 

C 

  main backgrounds: 

q 
q 

γ 
γ 

irreducible: γγ 

 discriminate  
photon from  jet 

 excellent  
reconstruction of Mγγ	


q 
g 

γ 
γ π0 q 
γ 

reducible: γ-jet  and  jet-jet	  	  	  	  

MC event 
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H ! !!

  background extraction via exponential 
    shape with two nuisance parameters 

  exclusion limit 

  signal mass shape described by  
   Crystal Ball + Gaussian 

FWHM  

 = 4.4 GeV 

Source Uncertainty (%) 

Luminosity ±3.4 

Cross section +20/-15 

Photon identification ±11 

Photon Isolation ±10 

Trigger +1.1/-3.7 

Energy resolution ±13 on σM 

 signal systematic uncertainties 

MH=120 GeV 
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H !WW (*) ! !!!!

  preselection: 
    - 2 leptons (e,m), pT>20(15) GeV          
    - Mll   >15, |MZ-Mll|>10GeV (ee,mm) 
    - MET>30 GeV                     
    - Δϕll  <1.3 (1.8)  for MH<170 (>=170GeV 

  production via gluon fusion + VBF considered 
  backgrounds:  diboson qq,ggWW,ZZ,WZ    
    W+jets, Z+jets, tt, single top, ...  

  optimise sensitivity by  
    branching in 0, 1 and 2 jets 
    and additional topological cuts   
   uncertainty on signal events 
     0 / 1 / 2 jets: 10 / 6 / 35 % 
     evaluated by variation of  
     mf, mr, PDF, as  
     in NNLO+NNLL calculation 



  

37	  

H !WW (*) ! !!!!
  final cut on transverse mass 0.75 MH<                                                     <MH 

1 jet 

  Major backgrounds estimated from data CRs 

0 jets 

0 jet 1 jet 2jet 
Data 3 1 0 

BG 1.7±0.3 1.3±0.5 0.02±0.03 

Higgs 1.3±0.4 0.6±0.2 0.06±0.03 

2010 
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H !WW (*) ! !!qq New 
Since 

Moriond! Signature:	  
•  Lepton	  (e,	  μ)	  +	  2	  or	  3	  jets	  +	  MET	  
•  Allows	  for	  full	  Higgs	  mass	  reconstruc2on	  
•  Interes2ng	  possibility	  to	  use	  flavor-‐tagging	  to	  more	  

fully	  exploit	  the	  spin	  correla2ons	  
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H ! ZZ (*) ! !!!! New 
Since 

Moriond! Signature:	  
•  2	  pairs	  of	  same-‐flavor,	  

opposite-‐charge	  leptons	  
•  Z	  mass	  requirements	  
•  Allows	  for	  full	  Higgs	  

mass	  reconstruc2on	  
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H ! ZZ! !!qq, !!!!

  background estimation: ZZ/WW/WZ  from MC  (uncertainty 15%)  
    other backgrounds confirmed from sideband in Mjj and Mll and reversed cuts 
    σ(Z) = 5%    σ (tt) = 25%    σ (W) = 50%   σ (multijet) = 50% 

  improves sensitivity for large MH where HZZ4 leptons rates gets small 
  2 leptons (e,µ) with pT>20GeV, 76 GeV < Mll <106 GeV 
  llqq: final discriminant Mlljj MET<50 GeV ,70< Mjj<105 GeV, MH>360 GeV: pT(jets)>50GeV, Δϕ ll , Δϕ jj < π/2      
  llnn: final discriminant : transverse mass  b-jet veto, MET>66/82GeV, Δϕ ll <2.64/2.25 for MH</≥260GeV  

            



  

41	  

H ! ZZ! !!qq, !!!!

  combination of both channels: 
    expected 6.5 to 24.5 x σSM 

    observed 3.5 to 39    x σSM  
 
    signal uncertainties: 
    theoretical :              17% 
    experimental : 20 to 25% 
    + shape uncertainties 
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H / A! !!
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SUSY 
& 

Exotica	  



SUSY Searches 
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This	  talk:	  interpreta2on	  in	  context	  of	  mSUGRA	  
	  

Also	  have	  interpreta2ons	  in	  more	  general	  24-‐parameter	  MSSM	  framework	  



SUSY: 0 lepton analysis 
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SUSY: 0 lepton analysis 
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SUSY: 1 lepton analysis 
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SUSY: 1 lepton analysis 
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SUSY: 2 lepton analysis 
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SUSY: 2 lepton analysis 
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SUSY: ≥3 lepton analysis 
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SUSY: ≥3 lepton analysis 
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SUSY: b-jets analysis 
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SUSY: b-jets analysis 
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SUSY: eμ resonance analysis 
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Exotica: Searches with Dijets 
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Exotica: Dijet Resonances 
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Exotica: Angular distribution of Dijets 
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Exotica: Dijet Limits 
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Exotica: Extra Gauge Bosons (W’) 
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Exotica: Extra Gauge Bosons (Z’) 
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Exotica: Searches with Di-Photons 
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Exotica: Leptons AND Jets! 
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Exotica: Leptoquarks 
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Exotica Summary 
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With	  very	  li?le	  data,	  we’re	  able	  to	  push	  the	  reach	  
to	  the	  TeV	  scale	  and	  set	  world’s	  best	  limits!	  



Conclusions and Outlook 
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We’ve	  only	  recently	  set	  sail	  for	  the	  Terascale,	  but	  interes2ng,	  high-‐
quality	  results	  have	  come	  very	  rapidly	  from	  both	  experiments	  

	  -‐	  excellent	  LHC	  accelerator	  and	  detector	  performance	  
	  -‐	  analyses	  have	  benefited	  greatly	  from	  the	  Tevatron	  experience	  

	  
Expect	  LHC	  to	  deliver	  1-‐3	  o-‐1	  this	  year	  and	  more	  by	  the	  end	  of	  2012	  

We’ve	  got	  a	  wild	  and	  exci2ng	  voyage	  just	  
beginning,	  so	  buckle	  up	  and	  stay	  tuned!	  	  



Extras 
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W Charge Asymmetry 

68	  



W + jets 
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  Atlas	  results	  with	  1.3pb-‐1	  
for	  W+jets	  

  Similar	  results	  between	  
muon	  and	  electron	  
chanels	  

  MCFM	  has	  QED	  and	  so7	  
QCD	  correc2ons	  applied	  
for	  comparison	  with	  data.	  	  

  NLO	  calculaMons	  (MCFM,	  
0-‐2	  jets)	  are	  in	  good	  
agreement	  with	  the	  
measured	  cross-‐sec2ons	  	  



Z + jets 
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  Vector Boson+jets cross section stringent 
test of pQCD  
  choice of scales, parton showering,…  

  Important background for SM and 
beyond SM processes 

  Jet selection: 
  Anti-Kt jets 
  Pt>30 GeV 
  Pile-up jet veto: 

  Only trk from best PV considered 

  Background 
  Increase with jet multiplicity 
  QCD background 

  Small in muon channel 
  Data driven estimate in 

electron channel (2% - 7%) 
  EW background 

  Mainly top at large jet 
multiplicity (0.1% - 6%) 

JVF = PT
trk!jet
" PT

all trk
" > 0.75



Z + jets 

71	  

	  

  Unfolding	  detector	  effects	  
  Bin-‐by-‐Bin	  correc2ons	  

  Nominal:	  Alpgen	  
  Systema2cs:	  Sherpa	  

  Systema2cs	  uncertain2es	  dominated	  by	  JES,	  
JER	  and	  JVF	  veto	  

  NLO	  predicMons	  and	  generators	  are	  in	  
agreement	  with	  measured	  cross	  secMons	  	  
  Except	  Pythia	  which	  does	  not	  reproduce	  

the	  data	  at	  high	  jet	  mul2plicity	  



Z + jets 
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Highest Mass Dielectron Event 
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tt + anomalous ET
miss  
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Luminosity Determination 
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PhenoGrid2 SUSY Parameters 
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Exotica: Searches with Di-Photons 
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Exotica: Long-lived Highly Ionizing 
Particles (HIPs) 

78	  



79	  



80	  



81	  



82	  



83	  


